Triruthenium dodecacarbonyl, p-toluensulphonyl hydrazid, and sodium cyclopentadienide solution were purchased from Sigma-Aldrich and used as received. n-Butyllithium and methyllithium were purchased from Acros Organics and used as received. THF and diethyl ether were dried using an MB SPS-800 solvent purification system from M Braun.
containing sodium sulphate under nitrogen atmosphere. The mixture was swirled for 1 min and cooled to -78°C. This solution was added in small portions to a refluxing solution of triruthenium dodecacarbonyl (2.13 g, 3.33 mmol) in xylenes (200 ml) under nitrogen atmosphere. Addition was complete after 1 h, 45 min. The solution was refluxed for another 15 min and then allowed to cool to ambient temperature. The solution was filtered through a pad of neutral aluminium oxide, the solvent was removed in vacuo and the last traces of xylenes were removed with a rotary vane pump to give a red semisolid. The product was washed with small portions (5 ml) of hexane/dichloromethane 2:1 until the residue formed a yellow powder, and the extracts were yellow rather than red. The solid product was dried in vacuo to give 1 as a yellow solid. Yield: 1.3 g (59%). Analytical data was identical to that previously published.
N'-(2,3,4-trimethylcyclopent-2-ene-ylidene)tosylhydrazide (5).
Trimethylcyclopentenone (18.1 g, 0.15mol), tosylhydrazine (27.3 g, 0.15 mol) and 35% hydrochloric acid (0.5 ml) were added to 180 ml of 96% ethanol. The mixture was refluxed under nitrogen atmosphere for 2 h. The volume of the solution was reduced to c. 70 ml, whereupon the product precipitated. The mixture was filtered, the solids washed with small portions of ethanol and dried by suction. The mother liquor was evaporated to a syrup, and left Trimethylcyclopentadiene (6) . (5, 14 .0 g, 0.048 mol) was suspended in diethyl ether (200 ml). The mixture was stirred in a water bath. Methyllithium (1.6 M in diethyl ether, 65 ml, 0.10 mol) was added slowly. The mixture was stirred over night and quenched with 10% HCl (100 ml). The phases were separated, and the water phase was extracted with diethyl ether (50 ml). The combined organic phases were dried over sodium sulphate, evaporated in vacuo and the residue extracted with pentane (50 ml). The solution was filtered through a pad of silica and evaporated to give 6 as a slightly yellowish liquid. Yield:
N'-(2,3,4-trimethylcyclopent-2-ene-ylidene)tosylhydrazide
2.59 g (50 %). The product was stored at -80°C, where it freezes to a solid. 
(2,3,4-trimethylfulvalene)-tetracarbonyl-diruthenium (2).
Trimethylcyclopentadiene (6, 0.81 g, 7.5 mmol) was dissolved in THF (25 ml). The solution was cooled to -78°C, and n-butyllithium (2.5 M in hexanes, 3.0 ml, 7.5 mmol) was added slowly. After 30 min, the solution was warmed up to ambient temperature and stirred for 30 min. The solution was cooled to -78°C, and a solution of iodine (1.90 g, 7.5 mmol) in THF (13 ml) was added drop wise. A solution of sodium cyclopentadienide (2.0 M in THF, 3.8 ml, 7.5 mmol) was added, and the cooling bath was removed. After 25 min, the solution was transferred to a separatory funnel containing a chilled, nitrogen flushed mixture of 1 % aqueous sodium thiosulphate (50 ml) and heptane (75 ml). The mixture was shaken gently for 1 min, the layers separated, the organic phase washed with aqueous sodium thiosulphate (25 ml) and transferred to a flask containing sodium sulphate under nitrogen atmosphere. The mixture was swirled for 1 min and cooled to -78°C. This solution was added in small portions to a refluxing solution of triruthenium dodecacarbonyl (2.13 g, 3.33 mmol) in xylenes (200 ml) under nitrogen atmosphere. Addition was complete after 1 h 15 min. The solution was refluxed for another 15 min, allowed to cool to ambient temperature and filtered through a pad of neural aluminium oxide. The solvent was removed in vacuo and the last traces of xylenes were removed with a rotary vane pump to give a red semisolid. The product was washed with small portions (5 ml) of hexane/dichloromethane 2:1 until the residue formed a brown powder, and the extracts were yellow rather than red. The remaining powder was extracted dichloromethane (approx. 100 ml in total) until the extracts were colourless. N'-(2,3,4,5-tetramethylcyclopent-2-ene-ylidene)tosylhydrazide (7).
2,3,4,5-Tetramethylcyclopentenone (10.2 g, 0.074 mol), tosylhydrazine (11.5 g, 0.062 mol) and 35% hydrochloric acid (0.45 ml) were added to 100 ml of 96% ethanol. The mixture was refluxed under nitrogen atmosphere for 2 h. The solution was allowed to cool to ambient temperature, whereupon white crystals formed, and then stored at -20°C over night. The mixture was filtered and the filtrate was concentrated in vacuo and 96% ethanol (5 ml) was added. The white precipitate was filtered off. The filtrate was once again concentrated in vacuo, 96% ethanol (5 ml) added, and the mixture filtered. The combined solids were washed with ethanol and dried in vacuo to give 7 as a white solid. Yield: 14 g (74 % Tetramethylcyclopentadiene (8) .
N'-(2,3,4,5-tetramethylcyclopent-2-ene-ylidene)tosylhydrazide (7, 7 .0 g, 0.023 mol) was suspended in diethyl ether (100 ml). The mixture was stirred in a water bath. Methyl lithium (1.6 M in diethyl ether, 35 ml, 0.056 mol) was added slowly. The mixture was stirred over night and quenched with 10% HCl (50 ml). The phases were separated, and the water phase was extracted with diethyl ether (20 ml). The combined organic phases were dried over sodium sulphate, evaporated in vacuo and the residue extracted with pentane (50 ml). The solution was filtered through silica and evaporated in vacuo to give 8 as a slightly yellowish liquid. Yield:
1.9 g (68 %). The product was stored at -80°C, where it freezes to a solid. 1 Tetramethylcyclopentadiene (8, 0.92 g, 7.5 mmol) was dissolved in THF (50 ml). The solution was cooled to -78°C, and n-butyllithium (2.5 M in hexanes, 3.0 ml, 7.5 mmol) was added slowly. After 30 min, the solution was warmed up to ambient temperature and stirred for 30 min. The solution was cooled to -78°C, and a solution of iodine (1.9 g, 7.5 mmol) in THF (12 ml) was added drop wise. A solution of sodium cyclopentadienide (2.0 M in THF, 3.8 ml, 7.5 mmol) was added, and the cooling bath was removed. After 25 min, the solution was transferred to a separatory funnel containing a chilled, nitrogen flushed mixture of 1 % aqueous sodium thiosulphate (50 ml) and heptane (75 ml). The mixture was shaken gently for 1 min, the layers separated, the organic phase washed with aqueous sodium thiosulphate (25 ml) and transferred to a flask containing sodium sulphate under nitrogen atmosphere. The mixture was swirled for 1 min and cooled to -78°C. This solution was added in small portions to a refluxing solution of triruthenium dodecacarbonyl (2.13 g, 3.33 mmol) in xylenes (200 ml) under nitrogen atmosphere. Addition was complete after 1 h, 45 min. The solution was refluxed for another 15 min and then allowed to cool to ambient temperature. The solution was filtered through a pad of neutral aluminium oxide, the solvent was removed in vacuo and the last traces of xylenes were removed with a rotary vane pump to give a red semisolid. The product was washed with small portions (5 ml) of hexane/dichloromethane 2:1 until the residue formed a brown powder, and the extracts were yellow rather than red. The remaining powder was extracted hexane/dichloromethane 2:1 until the extracts were colourless (approx. 500 ml in total). The 
Calculations
Quantum mechanical calculations where performed using Gaussian 09, rev B0.1. 3 Geometry optimizations where done in vacuum using the 6-311+G(d,p) 4 basis set for all elements except for Ru where effective core Potential LANL2DZ 5, 6 were used in combination with hybrid B3LYP 7, 8 functional. All structures were confirmed as local minima with calculated second derivatives of the Hessian matrix except for the transition state which had one negative eigenvalue. All triplet calculations were done unrestricted and the singlets were checked for instability. 9 2.821 1.457 -1.416* 1.416* 
Determination of isomerization quantum yields
Isomerization quantum yields were determined in degassed deuterated toluene (except for the viscosity-dependent measurements, which were performed in the corresponding hydrocarbons); light of 400±5.4 nm from a Spex Fluorolog τ2 spectrofluorimeter (JY Horiba) was used to afford conversions between 8 and 19%. The photonflux of the lamp was measured with potassium ferrioxalate actinometry, 10 and isomerization yields were determined by 1 H-NMR spectroscopy. 
Determination of Eyring parameters
Samples of 1-3 were prepared directly in s cuvette at a typical absorption of 0.2 at 400 nm. The solvent used was toluene and a Teflon cap was needed to prevent evaporation of solvent during the experiment. After preparation the sample was degassed with nitrogen for 20 minutes. The cuvette was placed in a water bath for cooling and NaNO 2 was dissolved in the water working as a solvent filter with a cutoff wavelength of 410 nm (defined as the wavelength where there is less than 50% transmittance). Photoconversion to isomers 1b-3b was performed by exposure to an Osram Powerstar HQI-R 150 W, metal halide lamp for 45 minutes.
The parent molecule absorbs at 400 nm whereas the photoisomer does not. Therefore the reaction rate can be observed by measuring the absorbance increase at 400 nm. Absorbance measurements were performed using a Cary 4000 spectrophotometer equipped with a temperature regulated sample changer. Temperature was continuously measured in a reference cuvette filled with water. The concentration increase of the parent compound (1-3) was fitted to first order kinetics, according to equation 1, where C 0b is the concentration of the metastable isomer at the starting point, C Final is the concentration of the parent molecule when the reaction is completed, k is the rate constant (s -1 ) and t is the time (s). As the concentration is directly proportional to the absorbance the fitting could be done directly to the absorbance data. Before the fitting was done the absorbance was normalized. y = C Final -C 0b e -kT (1) = Fitting was done using an in-house made Matlab script. The obtained rate constants were then used to calculate the enthalpy of activation by fitting them to the Eyring equation: k = (k B T/h) e (ΔS ǂ/R) e -( ΔH ǂ/RT) (2) Where k B is Boltzmann's constant, T is the temperature in K, h is Planck's constant, R is the gas constant, ΔH ǂ is the enthalpy of activation and ΔS ǂ is the entropy of activation.
Eyring plots of the thermal isomerization of 1-3 are shown in Fig. ESI4-6 . Red marks are the determined rate constants with error bars, blue line is the best fit to the Eyring equation, and blue marks are the residuals to the fit. 
